Up to date many investigators have carried out the studies on the innervation of the teeth. However, with regard to the nerve supply of the tooth germ, there are only a few papers reported by BOdecker
. (1882), Ca'rol-Montfort (192:3\, K ani (1937 ), Wasserman (1939 , Ambrose (1943) and Shiraishi (1950) on this subject.
For understanding the natural feature of the tooth innervation, detailed observations of the innervation in developing tooth germ must be obtained.
The author had a chance to reinvestigate the tooth innervation with silver impregnated preparations and studied on the innervation of the tooth germ in human embryos. The author hopes that this paper may contribute something on this subject.
Materials and Method
The materials used for the microscopic examination are tooth germs from human embryos (from embryo 20 mm. long to fetus, aged about seven months).* They were cut in frozen sections and were stained with the modification of Bielschowsky's silver impregnation method, and were histologically examined under the microscope.
Since the developmental period of the individual tooth germ varies greatly in different teeth and it seems that no essential difference exists between the individual teeth with regard to the morphological relation of the dental nerve to growing tooth germ, the author has described on the relation of the nerve fibers to the tooth germs in various stages of tooth development in this paper.
Microscopic Observation
In Figure 1 , the first sign of oncoming tooth development charac-133 terized by an epithelial thickening is seen. It is primordium of the ectodermal portion of the teeth known as the dental lamina (tooth bud). Though the tooth bud is not so closely related with the main dental nerve fiber bundles and their branches, there are seen ramifications of dental nerve bundles coming near the dental lamina (tooth bud). Human embryo 20 mm. long. Frontal section through lower jaw, by silver impregnation method.
x 120.
Figure 2 is a photomicrograph showing the dental lamina (bud stage of tooth development), which extended well into the substance of the primitive gum. A dence accumulation of mesenchyme is seen around the edge of the elongated dental lamina which later becomes an enamel organ.
Here are observed the main alveolar nerve trunk and its abundant ramifications with blood vessels lying closely in the periphery of the dense mesenchymal accumulation.
The edge of the dental lamina photographed in Figure 2 was highly magnified in Figure 3 . Abundant nerve fibrils can not be traced deeply into the accumulation of the mesenchyme. Figure ,4 Figure  5 is a photomicrograph to show the beginning of the cap stage of tooth development.
As is seen in the figure, the deep surface of the tooth bud becomes nearly level and the proliferation of germ cells which is called the enamel note is seen.
The condensed mesodermal tissue adjacent to the inner surface of enamel organ proliferates at a high rate and the peripheral layer of this tissue is closely related with the main dental nerve and supplied with small ramifications. In Figure 6 the beginning of invagination of the enamel organ is shown. The enamel organ is slightly hollowed in a cup-shape and is composed of an outer, convex and an inner, concave wall and the space between both walls is occupied by loosely arranged cells of a branched reticular form, which later transform into a stellate arrangement.
The dental papilla, which is the mesenchyme, partially enclosed by the invaginated portion of the inner enamel epithelium, is seen in the inner concave side of the enamel organ. Outside the dental papilla, non-medullated nerve fibers branch off from the dental nerve bundle and are closely distributed.
But, the nerve fiber could not be traced into the dental papilla through the dense mesenchymal tissue which is continuous with the tissue of dental papilla. Figure 7 illustrates the bell stage of a tooth germ in the lower jaw of a fetus, aged about 4 months, in which the dentinal secretion has not yet commenced.
The adult enamel organ is of a typical bellshape and the cells of the inner enamel epithelium differentiate into the tall columnar cells called ameloblasts. The dental papilla is abun-,dantly supplied with blood vessels, but no nerve fibers are recognizable, in spite of the fact that abundant nery fiber bundles are observed in the mesenchymal tissue surrounding the dental papilla. Figure 8 shows a part of the outer, convex wall, outer enamel layer, of the longitudinally sectioned enamel organ of an incisor tooth germ in the fetus, aged about six months.
One can observe nerve fibers innervating richly into the outer enamel layer through the dental sac in the figure. These nerve fibers do not penetrate into the enamel pulp. Figure 9 illustrates a part of the basal region of the tooth germ photographed in Figure 8 . In the mesenchymal tissue (dental sac) being continuous with the tissue of the dental papilla numerous nerve fibers are distributed, but almost all of these nerve fibers can not be traced into the dental papilla. Also within the dental papilla no nerve fibers a recognizable, except for blood vessels. Figure 11 is an enlarged photomicrograph of the tip of the dent papilla of Figure 10 . There is no nerve found anywhere, especial in the junction between the odonto-and ameloblasts. Figure 12 as a transverse section through the tooth germ of incisor in the fetus, aged about six months.
A very small ner fiber bundle is observed in the central portion of the dental papil enclosed by the ameloblastic layer.
It is indicated by a • rectari and is the first nerve fiber in this dental pulp. In Figure 13 t area indicated by a rectangle within Figure 12 is magnified.
A f( nerve fibers branching off in a Y-form from a small nerve bum lie near a small artery. Figure 14 is a photomicrograph to show a nerve supplying t tip of the longitudinally sectioned embryonic dental pulp of the too germ (incisor) in the fetus, aged about seven months. At the tip the tooth germ the dentinogenesis has been considerably advano By careful observation of this area, there are seen very delicate ner fibers, which are non-myelinated, distributing beneath the odontoblastic layer. But, between the odonto-and ameloblastic layers in the :other portion no nerve fibers were observed. Observing the central portion of this dental pulp, only two small nerve fiber bundles were found running near the small arteries, but in the peripheral portion of the pulp no nerve fibers were observed.
Discussion and Conclusion
Papers concerning the development of 'teeth have been published by many investigators, but there are only a few concerning the developmental study on the innervation of tooth germ. B ö d e c k e r (1882), Kani (1937) , Ambrose (1943) and Shiraishi (1950) have studied in man on this subject, and Caro I-M o n t f or t (1923) in cat, and Wasserman (1939) in rat. As shown in Figures 1-5 , the early anlage ' of primary teeth has an intimate relation with the branches of the dental nerve fiber bundles and their branches.
The nerve fibers related to the anlage, which distribute in the future dental pulp, are situated in the peripheral layer of the dense accumulation of mesenchyme surrounding the enamel organ, and are not traced deeply into the mesenchymal tissue.
In the advanced tooth germ with the typical cupped enamel organ, the dental pulp (papilla) also is not supplied with nerve fibers, in spite of the fact that the mesenchymal tissue (dental sac) which is continuous with the dental papilla has been innervated with numerous nerve fibers (Figures 6-9) . Kani (1937) has stated that the dental papilla of the incisor tooth germ in the fetuses from the end of three months to the beginning of four months in fetal life is innervated with abundant nerve fibers, which are distributed in regular arrangement into the junction between the odonto-and ameloblastic layers before the calcification begins, and illustrated their findings with several pictures. However, he did not mention the nerve distribution in the central or If the fibrous structures observed by Kani in the odonto-ameloblastic junction of the tooth germ where the dentin formation did not yet begin are true nerve fibers, numerous nerve fibers should also be observable in the other portions of the dental papilla. However, as may be shown in Figures 8-13 , the dental papillae of the incisor tooth germs in the embryo of six months in fetal life are even poorly innervated with fewer nerve fibers, in spite of the fact that the mesenchymal tissue surrounding the tooth germ and the outer enamel layer of the enamel organ are richly supplied with abundant nerve fibers. At these tooth germs, off course, no nerve fiber exists in between the odonto-and ameloblastic layers. In the tooth germ (incisor) of the fetus, aged seven months the nerve fibers Fig. 9 . Rich nerve distribution in the developing dental sac of the same tooth germ as in Fig. 8 . Silver method. x 340.
are seen distributed only in the tip of the dental papilla where the dentinal secretion has already begun, and in the central portion of the dental papilla a few small nerve fiber bundles, which consist of non-medullated fibers, are sparsely seen only along the blood vessels. In sufficiently stained chloride of gold specimens of 9-month's foetal pulp B ö d e c k e r (1882) has observed the medullated nerve fibers upon approaching the periphery of the pulp. Carol-Montfort in 1923 has mentioned that at the period when the dentinal secretion begins, he has not seen the presence of nervous. fibers in the dental follicles. Moreover, concerning the origin of the nervous fibers proceeding from the dental nervers, C arol-Montf or t has stated that what is neccessary to determine is the epoch when they enter the dentinal follicles and penetrate into the dental papilla. W a sser man (1939): stated that he haS never seen nerve fibers within tooth germs in rats in the embryonal stage and that as a matter of fact, nerves begin to enter the dental papilla only after birth ; in the Fig. 10 . Beginning of dentin and enamel formation at the tip of the dental papilla of the same tooth germ as in Fig. 8 . Here is seen no nerve distribution. Silver impregnation stain. x90.
teeth of rats, neurotization takes place between about the eighth and fifteenth day of postnatal life. Ambrose (1943) has described that when the enamel and dentin of the tooth germ have been formed the pulp resembles in general that of an adult tooth and the odontoblastic layer, the supporting tissue of the pulp, the vascular system. all are present and functioning. However, the complete absence of nerves in the pulp is observable.
Recently, S h i r a i s h i (1950) has studied on the innervation of the human tooth germ in the latter half of the embryonal life and stated that sensible nerves in the dental pulp of the milk tooth in the latter half of the embryonal life are originated in the nerve plexus in the alveolar basis and form the Raschkow's plexus in the periphery of the pulp, and that the development of its sensible terminations is very poor, so that they are represented as undifferentiated.
simply branched ends, without entering the odontoblastic layer. But. he has not examined the specimens in the begin- ning of the embryonal life. Judging from the microscopic observations mentioned by the author in this paper and previous workers, it is very questionable that the structures described as nervous fibers by Ka n i (1937) at the odonto-ameloblastic junction of the dental papilla of the tooth germ at the period when the dentin formation do not yet begin, are true nerve fibers.
Also it seems to be certain that the nerve fibers, which are terminated in the future tooth pulp, do not enter deeply into the dental papilla at least until the dentin formation begins, in spite of the fact that the mesenchymal tissue surrounding the tooth germ is early innervated with abundant nerve fibers branching off the dental nerves.
At any rate, it is very interesting that the dental sac is early innervated with abundant nerve fibers and the dental papilla is much later supplied with the branches penetrating the dental sac. It is Cross section through the tooth germ of a human embryo, aged about six months. In area marked with a rectangle a very small nerve fiber bundle is found lying near a small artery, but is not seen in amelo-odontoblastic junction. Silver stain. x 110.
highly significant that the condensed mesenchymal elements of the dental papilla and the dental sac did not permit the nerve fibers, which terminate in the future dental pulp, to penetrate the dental sac and enter the dental papilla and as the dense cytoarchitecture of the dental follicle and the dental papilla became spase with the growth of the tooth germ, nerve fibers actually begin to enter the dental papilla. The first nerve fibers which enter the dental papilla seem to be directed toward the tip of the papilla accompanied by small arteries situated near the central portion of the papilla. Although the outer enamel layer of the enamel organ in the sixand seventh month's fetuses is richly innervated with abundant nerve fibers, the clearances of its functional significance must be settled by further investigations on this subject. toward the tip of the papilla accompanied by small blood vessels located in the central portion of the papilla and distributed only in the tip of the papilla where the dentinal formation proceeds, but no nerve fibers can be traced into the junction between the odonto-ame-
